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1 

[fMSIl] TW6affi©±K. W, Ta. Mo. T 
i. Nb, Zr, YfrZl&Z>±mmfrli&1RLtc'ptj;< 

m&m t®m<D±K. mi mm* mm-r 4 xm t , 

C n«39 2 ] fit BSEf HM1*« *s 'J => >BM tWCBtfi 3 

♦ir t»*»*3i l ett©£{b&M3Qfe£&. 

n-c ^ *jg i - 3 cdc > -rti^icseMcomt^M 

IQtt©SHfc&JIIX&£&. 

[ M^g 6 ] fria^Rtc^-r sig* 8 o o °cu±. 

©fig-CT - - ;HT 4 C <b IS*Jg 4 £ tt 5 f B*K 

#HM4 1 -CT--;u-rs c ££^iriS3aS4 ~ 6 ©Ci-T 

WEy- hUMMLfctci/y a>i«aW«Ifii. 

BtfiBi-' 'J a >JI_bSCW. Ta. Mo, Ti, Nb. Z 
r . Y*»«.«E4AM»*e,»lLfc^>a< i i> 1 

fTie^ib^Jf ©SIM*?!-? TlMt1&li«:*fiM- 4 IS 

4, 

i> i tt&^K^?*iii&«steiafffl&s©*(£ 
[ mm 9 ] *«t««**r *¥*#»s©«iHK: 

«HBBHFLt*tHRl Wb«J»©±KW, Ta. Mo. T 
i, Nb. Zr. Y*>6fiS**«lfiP*>6aW0A:^tt< 

meet mm £ s r s& 2 mvum^jmr siii. 



(2) 1 1 - 1 0 2 8 7 7 

2 

nri > 4 ifc&g 9 iBtt©2MK&SB©M&£&. 

[i**n|i l] BfriBT--JH/. #I^|?)it4ll 

[0001] 

[»9!©fl«-4tt«r#WJ tm©-ft£K9!» 

©soft&ft* «* cF*ti*ffli»fc*a«*iai©i!!fi*ffitc 

[000 2] 

<mtitcMm&. (S*Sln**«:J:D. 43itt£9tlBUg§$ 

[ o o o 3 1 * tc. $>Mf ymim^consm^m 

<Dm tW it . ¥fm» 4 &Mn 4 ©M©fflHl£lfc*l»Jt 

4. isvzj>mim±.^<i>z>#x7-^m<Dmm 

ttttSLOtf. cn6©Ji©BHCjr>y^f->a^b«I)i 

imimiCM^-f. Ta, Mo, Ti. Nb. Zr, Yl£ 
©#Jl©^b^{CfelS«6e.tl4 <> Ctlt,(D&m<Dmit® 

t,=>4 0 

30 [0004] yT, ^^^xf-^fcic^^^yx-^^^ 
{t®j%ffftcax-3rKwr4. n>?x?>*5j:&z>if 
xf>aftilB. {b^«*Sl» (cvd) Wot, 

yxf->»t»jB*^^»*y>^*^e-A (E 
b) &*«©ttafflAf&iMi! (pvd) tc«torfcm 
•T4Ci*5-c*4„ jS^P, 7"9X-=?liSacVDK:j:4f 
>^XT->^b^e©*m^aB ; &*e*rc^4. w»* 
it^S i *B-^S i O, *®±Ccjf^-r4«t, «T©J: 

40 5ttwa*s*c*. 

[000 5] Si ^H±K:ii:ffiW)B i &»fiSLfcJ8-&. 
©^©^IlXgKfc^r S i ^ffii©->';-9--Y FSIB 

ffa©fia*t*3W96n*t»*s*t«c-3ri/*5. * 

fc. S i tptCi/Ulf FHj&s«AT4£. png^Ol 
[0 00 6 ] Si/SiO, Wffi±KWB<S:ffiff CV D 

50 [000 7] SiO, jSfflJtCC M&& L /cWIB U, 



(3) 

3 

**H<* SSfcS i O, »e»iiltl^o 
[0 00 8] C<D«fc5&aS<D/c«>* W»*BKJ1«£ 

[0 0 09] *>{fXT>&it%m\*s CVDteJ;[>l 
9ft£ttB*ift (PVD) teJ:oT*jES-r&C4jWt?* 

*>„ ass, *3»(*«»iiB«B*c*jc»r. ^>^xf> 

^'iTliOrT i NB*JKfiSU/cW/T i NWJBW 

jfi3&*j£<ffl^e>nrt^s. ac>f?*cc*$i>-ctt, tin io 

[0010] Si SHiCDWNJHCC-o^-Ctt, J£TF© <fc 
^ttWttft-S^Ift^W^Stit:^^ <C. Galews 
k i et al:Advanced Metal iz 
ation and interconnect Sy 
stem for ULSIAppI icat ions 

in 1996, Japan Session, 
Edited by K. Tsubouchi). 

[001 1] Si *B±tei£«W»**«Ufc»£<fc, 20 

wtatSKfi*, *©f*w*«8 5 o o crr^-^r^ 

Cifccfc*)^!/-!^ K{bKl£#&A/ei/*5. Ctiic^f 

[0012] «ffit«CDXttH«rOti*«. WNfS*© 

mmSti-C^ZkZfjLbtiio «W.«6 5 0 o CT-7~- 30 
0*C(DT^-Jl/*?f WNfcWS i feSSELtt^lS 

m) ^ttj^To 

[0 0 13] t-^x-»tff(cj;nn 7--Jbfift* 
TBff < r4Ccr5nr»»*©NJSS»3WK^r «. 8 5 0 °c 

S i Sn±CC*J*l,fcJa^ 8 5 0*COT--^*fTo 

TEMconsifcintf. 8 5 O'CrT^-^^Tofclf 
^jMcfcOT, »1 nmSao»ISLH36i»lS3nrii 
*C<b*Wi**i&. C(D»l»*JNB**, WNS#**fctt 
&4fiacc*siirbW<fcS i £<DHJ<DK 

[0014] 
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[ooi5] wBsoawti, ^mm^mr^m^ 
»b«JB*flSi>r&«»*»** »bfWSE!fe#ffi*Sl 

[00 16] 

TiftSsffi£>±Ct, W v Ta, Mo, T i s Nb, Z 

«©MbiM*j&R-r*iH£, we»b«i©±K:« 

W^WT^IIi, 9Jiaffifc«8)BiH(riB»{k1»H 

[0017] &mmmm<D±icnimm*T&$Lv, ? 

[0018] SC*3*l^«0^)WBK, ^mWCC 

[0019] 

[002 0 ] 0 5 (J, 3BR«:ffliifc6aa<oi^>^uo 
HlJS*^*. 05 (Al) W>^m i/'j3>ifi 
5 1 0D3iffi±tc3«Sfl U 'J3>i52, gf bS' U ^ >B 
5 3, BKb*>*;W15 4. WN»5 &*8IIBLfcatJffi 
SrWTS. 125 (B 1 ) 7* 125 (A 1 ) CD 

[002 1 105 (A 2) <DV>7'ML VJ3>li 
5 l(0«ffl±K:^';3>M^b«»5 4a**J«U. 
±fcWNJB5 5*0«U3fc«JS8*WrS. 0 5 (B2) 
05 (A2) ©1f>^I/©*ffi±CCS6 

[0 0 2 2 ] 05 (A3) (0D->-fMt, V'j3>Sfi 
5 1 OfifflLtKifflgWNW 5 5 ^fML/cM*ft 
So 05 (B3) 01^>^U«, 05 (A3) <DV>7 
)V<Dgm±tcZ *>fc^> >; =oKfb«9Ji 5 7 *J&$L;M» 

[0 02 3 ] Cft6B«BO-9->^l/©«JBK*. &TF<D 

[0 02 4] 
[*1 1 
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Al 

B 1 

A2 
B 2 

A3 
B3 



m « 



W 2 N (5 0) /Ta, O b (8) /S IN (3) / 

poly-Si (100) /Sl-sub. 
SlOa (10 0) /W, N (5 0) /Ta, Oe (8)/ 

SIN (3) /poly-Si (100) /Sl-sub. 
W 8 N (10 0) /Sid (100) /Si-sub 
SiO a (100) /W, N (100) /SiO, (10 0)/ 

Si-sub. 
W 2 N (10 0) /Sl-sub. 
S iO a (10 0) /W, N (100) /Sl-sub 

# (nm) 



[0 02 5 3 4*$, S ilSiLtH ffitt*l 0-2 

O s ^tl^nCVDT'MWc 0 NJB«\ % 

ilOOscc m<DWF 6 . 0 s c c mON 

H 3 , teJctfifcSl s 1 m<DH,4fflt^ Eft 1 To r 
r<D3£H5W3 5 O'CCDSKSKr^^XvJijSaCVD 

[0026 ] t>^Al, BlOSiNKipoly 
-S i£RTN (M&mmit) CCfcQJ&iSLfc. 
;UB1, B2, B3CDS_LJf-C#>6S i O* »«. EC 
R^XvCVDfccfcOJBJifcO/c. if>^JUA 
2, B2£DSiS«Jb<?)SiO z «»JK«ft*c J: 9 Jg/3E 

L/C 

[0027]@6ti, H5CC5tr6«a©*>^U*JI5 

flea, «^©attrr^-^*aa*fToyfc«©^«JB© 

tSln*«r/iQ • cmTito T^--rt/«M6*, 1 x 1 0 
"Tor r«TOEE^<DKS»H«*r3 0 4WBL 6 0 

o°c, 7 0 0'c, soou 9 o o°cr^n^ntTo 

/Co 

[00 2 8] *«L/c**OWNB(DJSR*», 
frtt£fc<fco-Cil5W&3W4. **»tcfflc^c»S 1 0 
0 n mODWNJf 2 0 0 u Q * c mgK©H»tt(Sffi 
©1**5^ Lfc. «fCC. Ta 2 O s ll±<DWNJBtt. fil 

[00 29] 6 0 0 •ccor^-^«:*5i»t:», ±"C01f 

[0 03 0] 7 0 O'C©T^-JH0ifflCC*sl»T«, 
"7*;l/A 1 , B 1 ©JS!n*« 6 0 0 H:©7-~ <fc 

2, B2, A3, B3tt7 0 0 •C©r--JWBJI«tt, 
6 0 0 # C©T--JU*affiaJ:0 fe(St*fi!S**>SL,fe. 



[0 0 3 1 ] 8 0 0 - CCDT--JHaa*tf 5 i*">?* 
;UA1, B 1 OM/x^E*, fiaftfiTSTTSOX^**. W 

20 ec*>^B losta^ofln^*^. t*uc*tu 

ftOt>^M2, B2, A3, B3 0fifi»i, 6 0 

o-c-8 o ox;(3ciias«iacc*$tiTsay-Ttt«>s^ 
[0032] 9 o o°c<or^-^!nm^f *>t, ±X<D 

;UA1, B 1 <Dffiin^teSg7 OO'C-9 0 0 "C<D$5H 

[0 0 3 3 ] 9 0 0 'COT-- JMffiWIS. «±JBK^ 'J 
=J>SMt«J*WSttU^>^A 1, A2 k A3«DtgJri 
30 *«**a*Jh8 9 izQ * cm, 185mQ* cm, 97 

«±J16Ct/U=i>BKt»JB*WT*-9->^Bl, 

B2, B3CDffi!n:*B. 9 0 0 *C<DT ~-)b9DM®MU 
<{glHB£*9 . ^"ti-em 9 m Q • cm, 1 9 Q • 
cm, 1 7 mQ • cmi3tCr>/c. N, 9 0 0°C3 0 

S i 0 2 M.±MTmtDtitcV>y 9 ^ <B, , B 2 , 
B 3 ) <D7~-n4ft©ffitfW«* > tt9 2 0 u Q c mCcj« 
d>"T4 0 L^ S L, ECR-SiO, *±B*WSttl^ 
40 >^KA1, A2, A 3 ) <Dffitt*te, &ffc#>y* 
^>*©*5RtfiK©±»«: <t 0 T~-;l4& 1 0 0 0/iQ 

cm^ofioc^n-r^,, cn<3t>7*;i/BL B2, 

[0034] cne.Ol9tt»*>&. WNHClBCS i 
50 [0 03 5] fcU S i CD±CC[ESWJ14Jt1gU 9 0 



7 

0 •C(D*fc*!91*tf *. ^ !/ * -f Kf bKK#£ 0, WS 
i, «<D4oy*^>*>UtM FWS i#4D4.. WS 

1 ttW<t 53 aaa*36SJHr»«:*±a©J: 5 affi«fa*«» 
6ftttl>. WS i #3£DTt,>&t>Citt, WNIWI 

[0 03 6] #^>^©ttB*H^S/ta&, 5 
*©3»*fTofc. H7B, Xi^lHlffftDJSS^mTo * 
^^0±g^c^>y;lxB l©X«H*f<Ott**^^, ^ 10 

iii/cfio^, 6 o o°c<30T^-^tea*tfofc 

fe(D, 7 0 0*C<DT^^Waffi«rtfofcfcO, 8 0 0'C 
CC)T^-^«ffll*?f o/ct©, 9 0 0T;<Dy--JWfiH 
£ t f o * c 4 © * 13 * Ji #Lb -r & L/ r ^ u r c . 

[0 03 7] f>7^Alttl^ 6 0 0°C—9 0 20 

~##»*CClJIl«C^hT^S. H!JTft2e = 43. 8 
' k 63, 8 s , 76. 4° ©t-*«**i-enw a N 
©(20 0), (220), (311) ©ftfiffitcWJi; 
■rS. 2(9 = 37. 5° ©h-^tt (111) ffi£3l 
To 

[0038] din ies;&isj*?tr SW, N 

Itt ^C7)±CCA 1 ii£*flO/cB3CC (111) BBr&j^r 

[0 03 9 ] WN®0D_B^>V 3>»<tSi*ftS* 30 
>^Ol/B 1 GtiJlvctt, T^— ;l/jBSD&*6 0 0°C^^>8 
0 0°C£±#rf &&C^ft, 1f>^l/A 1 i Inlaw, NO 

(111). (2 0 0), (2 2 0), (3 1 1 ) CDf 
-^aMKSSStiii*. T^--^Sffi8 0 0°C, 9 0 0 °C 

©iWffitta^4$i*rtt, SK»«cW«:*aH-r4 ( l l 
OK (2 0 0), (2 11) (Df-^^4iw 

£o wee 9 o o o c<Dr^-)vmmmc^x\t, W 2 N 

©tf-^tt?S«U W<0tf-*<D#;MHS3ft5. 
[0 040 ] C 9 00 - C©T^-^te« 

*ff5i. W 2 NBt4tat3^(CWJlfcg8fc3ft*t± 40 

[0 04 1 ] Hecc^-Ti^CC, TJftB^Ta, O s 9 
[0 04 2 ] H8tt, Ta 2 O s IBO±tCW a NM^M 

li, *©±cc^U3>M{bW»*^JiSLa*oteif> 
s) ffljt©*s*t^"r. 08 (a) <<cmmbtc££<Dm 

oaSI3Ete»*7nb, H8 (B) Cc9 0 O'CT'T 



^¥ 1 1 - 1 0 2 8 7 7 
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ffi»tt, OAC(Dfift^36S»JlPL/ri*4ci*s4ajs 0 * 
tc, W, NJi<tTa 2 O s mtOMtC* 99Jf:W&JK3 
hri,>4C£;WHK>6*l4. 8 0 0 e CWTCDT^ 

[0043] tl±© WWS** 6 , WNJKDJWc S i O 
, 8 0 0 °C«_b<DfiK, »3S L<tt800 

•^9 0 0 B C©IBH<DfiffiT7 --;b*?T 5 C t CC <fc 

/Co »H»*SN a r^ott, WNJB*i/U3>SMb!ft 

[0044] wNja**>y:a>BMb»JB^w*>?\ sat 
t#*6ti-s^ vyn>M^b«i)i"cwNJB«:ao/c» 

[0045] tt*5, ±ja©39»ttW a NJiCQ_tCC S i o 
TWNJS* TaNB, TiNl, Nb Nil, Z r Nil, 

C^S. S/c. »fcftH(D±«:3KJESrS»*>. SiO^ 
«to 0 KftOW b«9S ^rffl l> r cfc t> rft 6 5 o 
[ 0 0 4 6 ] H 1 » . J: 

[0047] HI <A) t£m?<i:>>t<c. >"J3>lgl 

^x;v2, na^x;i/3**jsufc», mn<ommwit 
(locos) ->y 3>»«i^fficc7 4-)i> 

F»^b«i4*^jafrs. 7^-^KWki4iiisa l ^ 
^ - a F»b»rHaEn^iStt««an!tc«^tf»3 5 

nm®y- hWb«5*«kW«cj:f3»flfi-6. 
[0048] h Kf bR 5 J&JiEfk *<0±«C^|g»V 
»;n>jg6^r^3*Jl 5 0 nm, CVDtcJ;MMt 

4o ^iBS^y3>©«;*>f3K:r*ji'7T^^ I J 

[0 0 4 9 ] SUSfl^y ^>il6<D±tC, W 2 NB7^r 
/P3^J1 0 0nmM« o /ci^l %S 1 0 0 s c 
cmcDWFft , i?f£fi5 0 s c c rnCDNH 3 , Sng 1 s 1 
mCDH a *flH>fcCVDCCj:9, SS^Jg^3 5 0 e Cr 
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[00501W, NJB7*SBtfft. JlJI^lOOnmOS 

io 2 iB8**jstr*. siH 4 to 2 

WcECR^XvCVDW^SiO: Ji£*fflf 
[ 0 0 5 1 ] C <D J: 5 fc^ U 3 >S® 1 

[0 0 5 2 ] H 1 (B> bCm? «t ^(C, SJIflHtGXkK: 
U^*h'**-->*JBflEU S iO, H8* ^&sn/t 
W 2 NJ8 (WI) 7, ^ttft^'J=J>ll6, y-FSrtb 
15^^-^>n^o tt*J, W, NJ17«. WI7 

7b<b£^tr 0 «M7b»* ±JfiOJ:5 6C*(DfflJK« 

[0 0 53 ] ;S#-^>^U/ty- h«i©*vx^<h 

pay-VFU^>«iS9pi»JStS. COJ:^^ 
Ut. CMOS b7>^^«l»ffi5ti^ e 

[0 0 54 1 01 OHW^fe^tii, ^ttfty- F^ 

[ 0 0 5 5 ] H 2 «\ *»^©ffiCDSIJ6W6C J:S*3|1* 
SaB<0»a*ffi*7n"r. S2 (A) Bl (A) fcij* 
-rxgiPJ«<DXgtc J: *D , U 3>«tS i *w±cc« 

vxv*>y*1foty- h«S«J&l»Jfi±CC©*S i 

[0 05 6] ttfc, K-5*-JH l^mf^, LD 

SSnSfJSl On. nSS'Ji^artCCfiajKpSIBW 
1 0 p^MUtC^o 1M F^*-;M 1 *J&Sl//c 
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[005 7] N17», ^<D_bIi£S i 0 2 @8T 

Sfc>ft. BHiSiOt <D-?>r fo*-jh lector 
H=bim>4. w 2 N/i7^6>N^H^ccgctHsn 

[0 0 5 8] 02 <B) fcSVr<fc5K:, r--;we«f* 

Btl«*»JaE0. CMOS¥3W**ai*»J«Ti. 
10 [005 9] tt_h, WiiS*fiS i JB^fiWX^I&S 

hfcy- h«s**rrsMos h^>^**{^fi6-rs 

[006 0]H3tt, ±TiB»)lM©ffiittffl^7 y t b 
TWJB*#riW"S«£*7j*-*". S3 (A) cc**r«fc5 

«r£tf. 2gmM^2 1 tt. Si fiWUT fcS i 

awrc*>j;c>. ¥¥<*ss2o<D^®tc «m««2 i 

20 *WorlWbai2 2#J&dS<**i*. 

[006 1 ]13 (B) CCS^f <fc^tC, 2CD^ 
Ba±CC3 66ca{bBI2 3>&sjg«3n* 0 S{bJR2 3tt, 

[0 0 6 2 ] 03 (C) tc^rf §{tK2 3<DS 

;^->244iv?>^^il l M?L2 5#5S{b 
123, M2 2?:fIbtM$n^ 0 HTL 
2 5©JSaptC», V»; n>S^2 0^IOilW2 1 

30 ^Rffi-ra. 

[0 0 6 3 ] 03 (D) tt^TJ:^, IS?L2 
L/cSffi^®±^C, WNJB2 6*^XvaecVD«: 
±0iS©T-5o WNB2 6 5J. BBD2 5*+»a*R"T 

[ 0 0 6 4 ] M 3 ( E ) CCSVf "<fc 5 SH^6WNJ1 
2 6^7^'^S^iir^CitCj;^ P^?L2 
5F fc 3CDWNH2 6^:^L, «<b«2 3«ffi±<OWNJi* 
SfSKtt »3ftfcWN»2 6W*fU*2 

40 [0065] @3 (F) ^^-Tcfc^tc:, gg?Lrtcc^$n 

teWN»2 6ftai\ g{t)^2 3±tC©{b)K2 7€rEC 

R^9X^cvDK;j:»)*ar4. ccDfSEre, 

8 5 0°C, 3 0^M©T--^*tT^o C<DT^-;U(C 
SS{bP2 7&J^*T^o C0B$, filM2 3tti9« 
[0 066]i3 <G) KTjrTi ^tc, wntc^tftsn 

/cWNJ12 6 a *S5 <fc^fiC^bBt2 3±CCA 1 J12 8 
50 T€> 0 CCDi^C, Pa^tC±lJ?>iA^WN®?:ffiUr 



(7) 
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[0067] y<D?k WNB£fflt>Tieij&g<*£ 

£&¥m*$m<Dmm?i&Z7jk?<> §4 (a) 

2 OSiS_BcS i O, M2 2£JIMU U^F^i' 
^fflt^x * * > y fc J: 0 BfSKDlRL 2 5 * »J*T * . 
[0068] i4 (B) tCTjrTJ:^ S i 0 3 12 2 

CVD*Ccfc9*BtU US^^ b^^^SrfflC^A*-^ 10 
[0 06 9] 0 4 (C) *C7STJ:5ic, WN12 6 ZW. 

8 5 0°a 3 o#ib<d7---ji>*?t r~-y >^ 

<t>5, WN12 6»WJBtC^»3tiS. WJBCC^»Sn 

[0070] «±38*«CC»or*:*?BSrBlWLfc3&s, 
[0 07 1] 

r»iBawBta*jgfiS-r 4 c <t 30 
[0 07 2] WWCD&mt S i XS<k«iS««tt3 * r 
fc, Office JzS^KJBJJ. Si<hi/»J1t>f FftKlE* 



<f$P§¥ 1 1 - 1 0 2 8 7 7 
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[02] * AQoxtkfflK j: i> mmw&mcDWtmji&z 

[04] *»W<D**fcm<fci*^*ffl<0«BI*S* 

[05] *»W<DSet>l4IIKCCffltifc1f>^U©1i 

[07] 0 5tC7j^-rit>^KDp^2aSI©1f >7*Jb©7 
~ - u > ^oc J: & X ^HSfcD -r - £ SrTjrf # =7 v V & 

[08] @5 0f>7^A l©*«Ufc**©fc<Dfc«fc 

1 *✓ y =3 >SS 

2 pS^x;!/ 

3 nffl^xjl/ 

4 ?-/-;l>KBMbIli 

5 hBHUI 

6 ^Jl*a^y=i>ll 

7 WNB 

8 '>yn>BMfc!»» 

9 V-VFU>f>fiiS 

10 LDDI^ 

1 1 If-Y F^*-;l" 

2 0 ¥«f*£«t 

2 1 mmmm 

2 6 WNl 

2 7 ^U:a>BMfc«JJB 

2 8 A 1 SB^g 



[06] 




5fl 



0 

As-tUp. 
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